The species of Aristida and Stipagrostis (Poaceae tribe Aristideae) are C 4 plants and in Iran distributed mostly in the arid and warm central and southern parts of the country. Based on examination of herbarium specimens and field studies an updated synopsis of these genera in Iran is provided, including an identification key, line drawing illustrations of floral parts and distribution maps. In Iran Aristida includes two species, namely A. abnormis and A. adscencionis, the latter with three subspecies, and Stipagrostis includes 11 species. S. uniplumis is newly reported for Iran from a single locality in Sistan & Baluchestan province. The specific status of two recently described species, S. barbata and S. multinerva, is confirmed and evidence is given for merging S. paradisea with S. raddiana.
Introduction
Members of tribe Aristideae (subfam. Aristidoideae, family Poaceae) are widely distributed in the tropical and subtropical parts of the world. The genus Aristida (c. 300 species) occurs in the tropics and subtropics of both hemispheres, Stipagrostis (c. 50 species) is limited to the drier areas of Africa, the Middle East and Central Asia, and Sartidia (4 species) is distributed only in southern Africa and Madagascar (De Winter 1965; Watson & Dallwitz 1994; Henrard 1926 Henrard , 1929 . Many species of the genera Stipagrostis and Aristida are adapted to arid and semi-arid environments, such as sand dunes (Danin 1996) , and are conspicuous components of some vegetation types in the southern and central parts of Iran. All known species of these genera have a C 4 photosynthetic pathway, which enables them to grow in very warm and harsh environments (Watson & Dallwitz 1994; Hattersley 1992) . Three species of Aristida and eight species of Stipagrostis were reported from Iran in Flora Iranica (Bor 1970) . Since then, one of the species of Aristida was reduced to a subspecies (Léonard 1981) and three more species of Stipagrostis were added for Iran (Scholz 1988; Freitag 1986; Termeh 1975; Léonard 1981) . Scholz (1988) showed that the record of S. pungens (Desf.) De Winter in Flora Iranica is based on misidentification of S. pennata subsp. scabriglumis (Henrard) H. Scholz.
Based on an extensive study of the specimens in the herbarium of the Plant Pests and Diseases Research Institute (IRAN), the herbarium of the Ferdowsi University of Mashhad (FMUH), the herbarium of the Royal Botanic Gardens, Kew (K), and the personal herbarium of and field studies by H. Akhani a revised synopsis of the two genera of Aristideae in Iran is provided.
Material and methods
Based on a checklist of 44 qualitative and quantitative characters, the morphological features were recorded for each specimen. These records were used for the descriptions of the species (not included in the present paper, with the exception of the newly reported Stipagrostis uniplumis), for the evaluation of the consistency of characters for separating the species and for the identification key. All specimen studied, or in case of very numerous specimens available, a selection of specimens are cited for each taxon. Type citations are given for species described from Iran. The floral parts were redrawn from digital pictures taken from herbarium specimens or using a stereomicroscope. The distribution maps are based on the studied herbarium material and were in a single case supplemented by literature records (open symbols); the localities were georeferenced and distribution maps generated with the computer program DMAP. , 11.4.1936 , Gauba 1621 .
Results

Key to species of the genera Aristida and Stipagrostis in Iran
This taxon has been reported from Lorestan and Sistan & Baluchestan in Flora Iranica (Bor 1970) and Jaz Murian by Léonard (1981) . It was lectotypified by Peruzzi & Passalacqua (2004) who ac-cepted it at subspecific rank (see also Léonard 1981) . Beside on the Canary Islands, subsp. adscensionis and subsp. coerulescens ( Aristida adscencionis subsp. heymannii was not given for the Flora Iranica area by Bor (1970) . However, its occurrence in Iran was stated in the general distribution of the taxon by Tzvelev (1976) but not substantiated by specimens. Two recent collections from W Azerbaijan, NW Iran, close to the border with Azerbaijan are referred to subsp. heymannii with some hesitation. The glumes are distinctly unequal and clearly shorter than the lemma. Additionally they are only scabrous along the keel. The awn length is 8-12 mm, which matches well with subsp. heymannii. 
Stipagrostis barbata
The species is very similar to Stipagrostis pennata and both species occur sympatrically in N central and E Iran (Fig. 2C + F) but both are clearly specifically distinct. The most important diagnostic characters separating S. barbata from S. pennata are the up to 3 mm long hairs of the ligules, the 7(-9)-nerved lower glume and the 3(-5)-nerved upper glume. Furthermore, the leaves of S. barbata are vertically arranged on the stem instead of pointing obliquely upwards as in S. pennata. At the type locality both species were found; S. pennata, however, occurs on low dunes, whereas S. barbata grows on higher dunes.
General distribution. -Endemic to Iran (Fig. 2C) A characteristic species with long-spreading hairs on the nodes. Stipagrostis ciliata is a very rare plant in Iran, represented in IRAN only by three old collections of over half a century ago ( A very rare species in Iran, which is known from the southernmost and southeasternmost parts of the country (Fig. 2D) , only based on the above cited specimens. Stipagrostis karelinii was not given for Iran by Bor (1970) . Its occurrence in Iran was first reported by Freitag (1986) from Turan Protected Area. S. karelinii (Fig. 2D) is sympatric with S. pennata (Fig. 2F) and occurs almost in similar habitats on both fixed or mobile sand dunes. Both species are extreme xerophytes, which survive with their long rhizomes even long periods of drought. General distribution. -Aralo-Caspian lowlands, Iran (Fig. 3D) , Afghanistan. The recent above cited collection of this plant by Akhani & al. was made in an extremely dry area on sandy soils beside the road not far from two previously known localities (Fig. 2E ) cited by Scholz (1979) and Léonard (1981) . The species is superficially very similar to the widespread Stipagrostis plumosa (which occurs frequently in nearby localities) but is distinguishable by its smaller size, annual life form and the 5-7-nerved lower glume. Stipagrostis obtusa was first reported for Iran by Termeh (1975) . Distributed in S Iran (Fig. 2E) , its habitats are rocky deserts with a thin layer of sand and gravel. The species is densely caespitose characterized by its small rosette-like leaves crowded on the tufted base. Scholz (1988) that S. pungens does not occur in the Flora Iranica area and it is also not confirmed for the Arabian Peninsula (Cope 2007: 92) . It is actually restricted to N Africa and differs from S. pennata by the straight articulation between lemma column and arista. Furthermore the basal parts and the leaves of S. pungens are sturdy, which has not been seen in any population in Iran. Scabrid glumes are found in many specimens of S. pennata in Iran, differing only on the density, without any correlation with other characters. The above cited specimens could be divided into two groups. The first groups (Akhani & Salimian 15424, Akhani & Ghobadnejhad 15839b, Rechinger 1291) are smaller, mostly less than 50 cm tall, have shorter inflorescences usually 10-13 cm long, distinctly inrolled leaves, which are spiny and rigid at apex, a shorter lower glume 11-13 mm long and a shorter 9-10 mm long central awn. The second group (the remaining cited specimens) are characterized by taller growth mostly up to 1 m or more, longer inflorescences (10-25 cm), leaves frequently flat at least at the lower part, and not clearly spiny at the tip, the lower glume 12-18 mm long and the longer central awn 12-15 mm long. The two morphs are not geographically correlated. It is likely that these differences reflect ecotypes. The smaller plants have been collected in shallow sandy soils where the soil is saline below the sands. Therefore we hesitate proposing a formal rank before further studies in a broader context including var. litwinowii from Turkmenistan and var. rigida Roshev. from Songaria (Henrard 1929 A widely distributed (Fig. 2G ) and most variable species in Iran; Stipagrostis plumosa is one of the components of dry steppes dominated by Artemisia sieberi. It occurs also on very dry habitats and on gypsum hills along the Iran-Iraq border as based on field observation and documented by Akhani 5599. Sometimes it colonizes very dry steppes as a dominant species in the provinces of Esfahan, Semnan and Yazd. It occurs also in slightly saline soils together with Kaviria tomentosa (Moq.) Akhani (= Salsola tomentosa (Moq.) Spach, see Akhani & al. 2007 ).
Henrard (1926) (Akhani 13265, 15041, Termeh & al. s.n. IRAN 29227; IRAN 29230; Termeh s.n. IRAN 21736/2) . Except for the type locality from Azerbaijan, all other collections are from Tehran and surrounding areas. According to the examined specimens, var. brachypoda (Tausch) Bor does not occur in Iran. This taxon is accepted as a separate species by Scholz (1972) , who stated its distribution to be limited to NE Egypt. Specimens examined. -Hormozgan: Minab, 2.5.1955, Alexandrov 8089-E (IRAN 21771, K); Bashagard, Senderk to Dar-Pahn, 4.3.1973 , Iranshahr & Musavi (IRAN 21775). -Kerman: Jiroft, Rameshk to Fotuj, 6 km E of Rameshk, 700-1000 m, 15.3.1978 , Musavi & Tehrani (IRAN 21774). -Sistan & Baluchestan: Hodar, 9.3.1974 Iranshahr to Bazman, 3.3.1949, Sharif 8084 E (IRAN 21776) .
General distribution. -Iran (Fig. 2F) Island, 15.-18.2.1976, Termeh & Musavi (IRAN 21780); Kish Island, 31.6.1977, Termeh & Musavi (IRAN 21779); Bandar-Abbas, Minab, Sar, 26.4.1977, Riedl & Ershad (IRAN 21781); Biaban, Bonji Meski to Gatan, 4.3.1949, Behboudi 409 E (IRAN 21778); Steppe Harmid, Dature, 15.4.1939 , 550 m, Gauba 597 (not Parsa) (K). -Kerman: 12 km N of Jiroft, 980-1000 m, 28°47'51''N, 57°46'29''E, 15.6.2004, Akhani & al. 17833 (herb. Akhani) (Fig. 2H) , Pakistan and Afghanistan.
Stipagrostis raddiana is restricted to southern Iran with warm and hot climates. The record in Flora Iranica (Bor 1970 ) from Azerbaijan, "in jugo 30 km NW Khoy, 1800 m, Rechinger 32706" (n.v.), is more likely due to misidentification of the common S. plumosa. This locality is close to the type locality of Aristida plumosa var. szovitsiana Trin. & Rupr. (see picture in Henrard 1926: 456) , which is characterized by the median awn having hairs nearly to the base. The record of S. raddiana from Esfahan province (between Esfahan and Meibod, Bunge K) is based on misidentified Stipa material. The area has been searched for this species but only S. plumosa was found.
Stipagrostis raddiana and S. paradisea have been separated by several authors only based on the pubescent or lanate lower internodes in the former and glabrous lower internodes in the latter species (Bor 1970) . Henrard (1933) kept these species separate because of the absence of intermediate forms. The type specimen of S. paradisea from Yemen (Aden, 1847, Edgeworth, K) and several specimens from Yemen are glabrous at the base. However, many intermediates in Iran and across the range of this complex indicate that this character cannot be considered as a reliable feature to separate species. For example, Salavatian 8080-E identified by Bor as S. paradisea is slightly hairy at the lower internodes; Behboudi 409-E has both glabrous and slightly pubescent stems. Similar specimens are known from Saudi Arabia (c. 20 km W of Riyadh, Hedberg 92014, K), Yemen (Hadramout, Thulin & al. 8387, K) and Oman (Dhofar, Cope 638, K). In Kew there is an old specimen from Arabia Petraea, Donald 1849, with woolly lowermost internodes and identified by Edgeworth as S. paradisea. Another specimen collected from Egypt with glabrous lower internodes annotated by Edgeworth as S. paradisea (im nördlichsten Teile der östlichen Wüste von Aegypten, 24.4.1880, G. Schweinfurth 444, K) , clearly indicates that Edgeworth correctly recognized the species and its variation. For these reasons we consider these species as conspecific. Stipagrostis uniplumis is a new report for Iran (Fig. 2H) .
Description. -Perennial, densely caespitose, up to 90 cm, glabrous. Leaf blades convolute, up to 20 cm long, 1-2 mm diameter (in convolute state), glabrous beneath, scabrous above; ligules with a dense fringe of short (± 0.5 mm long) hairs inside and long (3.5-7 mm long) hairs at the sides. Panicle 10-18 cm long, effuse. Spikelets pallid; glumes unequal, lower glume 8-9 mm long, sparsely pilose on the back, glabrescent at the upper one-third, acuminate at apex; upper glume 10-11 mm long, glabrous, minutely scabrid at median nerves, linear, strongly acuminate, appearing as an awn from above the middle; lemma 2 mm long, finely tuberculate in the upper half, abruptly passing into the awn; stamens 3.75 mm long, callus 0.5-1 mm long, acute, bearded, the hairs gradually increasing in length upwards; awn column 5 mm long, glabrous except for a dense tuft of up to 2.5 mm long hairs at the distal end; median awn 28-32 mm long, plumose with long hairs up to 3.5 mm long in the upper two-thirds, scabrid in the lower one-third; lateral awns glabrous, 8-10 mm long.
General distribution. -Somalia, south to Tanzania and west to Senegal, S Africa extending northward to Rhodesia and Angola, Arabian Peninsula (Cope 2007: 96, map 16, including S. pogonoptila) , Iran (Fig. 2G) and Pakistan.
Concluding remarks
The species of the two Aristida and Stipagrostis in Iran are C 4 plants, which prefer dry and warm conditions. The range of all species in Iran is restricted to semi-arid and arid to very arid parts of Iran (Fig. 2) . Comparing the total range of all species with the precipitation map of Iran (Fig. 5) indicates that most of the species occur in areas receiving less than 200 mm annual precipitation. Except S. plumose which is widely distributed in Iran, the other species are mostly restricted to the southern and central parts of Iran.
The geographical distribution of the studied species show that only three related species, Stipagrostis barbata, S. karelini and S. pennata, are Irano-Turanian elements, growing on sand dunes of Aralo-Caspian area, Afghanistan and Iran. The other species have a wide distribution range in Africa and/or Pakistan and India. 
